In the present work, investigations were made of the efficiency of the heat-stabilising effect of new flameretardant systems using nanosized metal-containing components with the aim of producing materials of reduced flammability, smoking capacity, and breakdownproduct toxicity. As a result of the conducted investigations it was established that the best fireproofing characteristics are possessed by a PVC composite containing ammonium salt of amino-tris-methylene phosphonic acid and zinc oxide with 50 nm particles. The oxygen index of the indicated composite was 27.5%.
With each year, the question of reducing the fire hazard of polymeric materials, including materials based on plasticised polyvinyl chloride, the volumes of production of which is increasing rapidly, becomes more acute.
The flammability of plasticised PVC is fairly high. Plasticisers introduced into the polymer during its processing lower the fire resistance of the PVC. The composites obtained are characterised by high ignitability, increased smoking, and a high flame propagation rate over the surface. During their combustion, toxic gaseous products are released.
It is known [1, 2] that, to reduce the flammability of plasticised PVC, it is expedient to use a phosphoruscontaining flame retardant (FR), and, to reduce its smoking capacity, metal-containing compounds, mainly metal oxides and hydroxides. Investigations conducted earlier [3] showed that a highly effective fireproofing action for materials based on polyethylene terephthalate is possessed by ammonium salt of amino-tris-methylene phosphonic acid (ASAMPA). When it is introduced into the composition of the polymer in a quantity of 25%, composites of fire resistance class V-0 are obtained.
Therefore, an investigation was made of the possibility of creating a flame retardant system (FRS) based on ASAMPA with the addition of nanosized metal-containing compounds: zinc oxide with a particle size of 10 nm, 20 nm, 50 nm, and 1 µm, and also binary layered hydroxides (BLHs) based on magnesium and aluminium sulphates and nitrates -BLH-2 (Mg) 3 The synthesis of nanosized metal-containing compounds and BLHs has been carried out in the Faculty of Nanotechnologies and Nanomaterials of the RKhTU.
The indicated compounds, together with phosphoruscontaining FRs, can be used as synergistic additives in reducing the flammability of different polymers [4] . When nanosized components of an FRS are introduced into polymer composites, the formation of nanophases and nanostructures of different composition is possible. The formation of nanostructures in composites can lead to a reduction in their thermal diffusivity. And in the case of the introduction of nanophases of lamellar structure, when they are distributed in the polymer matrix, conditions may be created for the formation of extended nanophases, which leads to an increase in the resistance of the material to heat and flame sources [5] .
Nanosized metal-containing particles in a quantity of 1%, together with ASAMPA (24%), were introduced into the polymer melt during forming. As, according to reference [6] , phosphorus retained in the coke residue (CR) promotes a marked reduction in thermal conductivity of coked foams, the amount of phosphorus in the polymer and CR was determined ( Table 1) . Retention of the amount of phosphorus in the CR is observed to the maximum degree when the flame retardant system ASAMPA + BLH-1 (46.25%) is introduced into plasticised PVC.
In the thermolysis of plasticised PVC composites containing FRSs, the main quantity of phosphorus remains in condensed phase, which ensures a change in the direction of thermo-oxidative degradation of PVC towards intensification of dehydration and carbonisation reactions.
In order to assess the fireproofing action of the selected FRSs, an investigation was made of the process of thermooxidative breakdown of plasticised PVC in the presence of the indicated systems in the temperature region of the start of intense polymer breakdown (350°C).
When nanosized metal-containing additives are introduced, an increase in the CR yield is observed in all cases (Figure 1) . The carbonised layer formed on the surface of the burning polymer is a physical barrier preventing the supply of oxygen to the polymer matrix. And through the porous structure that arises because of the release of gaseous substances as a result of the breakdown of the FR, in the present case ASAMPA, during combustion, removal of heat from the polymer occurs.
It is known [5] that, when nanosized particles are introduced into the FRS, structure formation of the CR occurs during combustion of the polymer. When 25% ASAMPA is introduced into plasticised PVC, the CR of the composite at 350°C amounts to 29.1%, but, when zinc oxide with a particle size of 50 nm is added, this characteristic increases by a factor of 1.5 and amounts to 43.1%. For a composite of plasticised PVC + ASAMPA + BLH-2, the amount of CR reaches 35.7%, which is higher than for a composite of plasticised PVC + ASAMPA, but lower than for a composite of plasticised PVC + ASAMPA + ZnO (50 nm) (CR = 43.1%).
Thermogravimetric analysis (TGA) was used to investigate the process of thermo-oxidative degradation of PVC composites containing nanosized and microsized particles of metal compounds ( Table 2 ).
The data obtained make it possible to determine the effectiveness of the fireproofing action of the FRS in relation to PVC, as one of the requirements laid down for the FR is breakdown in the temperature range coinciding with the temperature of the start of intense breakdown of the modified polymer.
According to TGA data for a composite of plasticised PVC + ASAMPA + ZnO (50 nm), the release of gaseous degradation products occurs in the temperature range 150-350°C, and for a composite of plasticised PVC + ASAMPA + ZnO (10 nm) in the broader temperature range 150-430°C. The thermal breakdown of a composite of plasticised PVC + ASAMPA + ZnO (10 nm) proceeds in two stages. Here, when the FRS is introduced, the maximum temperature of breakdown at the first stage is displaced towards the lower temperature 242°C, and For a composite of plasticised PVC + ASAMPA + ZnO (50 nm), the maximum breakdown rate amounts to 6.93 %/min, which is 3 times lower than the maximum breakdown rate of a composite with ASAMPA. The CR formed in this case is oxidised at a temperature of 588°C with a maximum oxidation rate of 0.89 %/min, which is much lower than the oxidation rate of CR for plasticised PVC + ASAMPA. At 700°C, a homogeneous CR is formed, the magnitude of which amounts to 28% (for a composite without zinc oxide, the CR amounts to 13%). For the same composite but with a zinc oxide particle size of 10 nm, the breakdown rate decreases to 7.12 %/min, and the magnitude of CR at 700°C amounts to 22%, which is lower than for a composite of plasticised PVC + ASAMPA + ZnO (50 nm) (28%).
For a composite containing plasticised PVC + ASAMPA + BLH-1 (Figure 2) , the release of gaseous breakdown products also occurs in a wide temperature range. Here, the maximum breakdown temperature is displaced towards a higher temperature (274°C). Although the breakdown rate decreases (to 15.71%), it does so to an appreciably lesser degree than when zinc oxide is introduced into the FRS. The magnitude of the CR at 700°C amounts to 17%, which is slightly higher than for a composite of plasticised PVC + ASAMPA (13%) but lower than for a composite of plasticised PVC + ASAMPA + ZnO (50 nm) (28%).
The dependence of the oxygen index (OI) on the zinc oxide particle size is extremal in nature (Figure 4) . For a composite of plasticised PVC + ASAMPA + ZnO (10 nm) the OI is lower than for a composite modified with ASAMPA alone. And conversely, for a composite containing plasticised PVC + ASAMPA + ZnO (50 nm), the OI amounts to 27.5%, as opposed to 24% for plasticised PVC + ASAMPA. 
